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Acupuncture is an ancient treatment modality that can trace its origins to as far back as
10,000 BC along the banks of the Yellow River in China. It involves the insertion of sharp-
ened objects into specific areas of the body to achieve therapeutic effects. According to
the theory of Traditional Chinese Medicine, acupuncture modulates the flow of Qi and
Xue through the meridians so that the main organs (Zhongs-Fus) will re-establish homeo-
stasis as governed by the laws of Yin-Yang and the Five Elements. In clinical practice,
acupuncture is an efficacious treatment for alleviating acute and chronic pain, but
a consensus on its underlying mechanisms is still lacking. This article presents an up-
to-date review of the various neurophysiologic mechanisms that have been proposed to
produce acupuncture-induced analgesia.1. Introduction
Acupuncture is a treatment modality based on the theories
of Traditional Chinese Medicine with its origins in the pre-
historic China. The therapeutic effects of acupuncture in
pain-related conditions have been well acknowledged both
from ancient archives and in modern days. However, many
hypotheses have been proposed for the mechanisms ofll, 18 Stuart Street, Queen’s
da K7L 3N6.
acopuncture Institute
2.07.017acupuncture-induced analgesia and a unified theory basing
on biomedical science is still lacking.
2. Theory of acupuncture
The theory of acupuncture is founded upon meridians and
acupuncture points. Meridians are designated routes
through which the Qi and Xue travel and circulate round
every part of the body. If we think of these as highways,
Qi and Xue are the cars speeding along them. Each
meridian is linked either to a Zhong, a Fu, or the Sanjiao.
The five Zhong meridians occupy the anterior aspect of
Figure 1 Snap of the distribution of the various meridians on
the upper back and neck.
262 L. Leungthe body, while the six Fu meridians are located posteri-
orly. In a healthy person, the Zhongs-Fus interact with
each other to achieve a state of homeostasis through an
intricate balance of Yin-Yang and the Five Elements [1].
All meridians are then linked up with each other in such
a way that one meridian will end at the beginning of
another, so that Qi and Xue will advance through every
part of the body in a grand cycle. There are 12 major
meridians covering the body as the 12 months cover the
calendar year (Figs 1e3).Figure 2 Snap of the distribution of the variousAcupuncture points are specific points along the merid-
ians at which manipulation with an acupuncture needle will
bring about a regulation of the Qi and Xue and hence re-
establish the inner balance between the Zhongs/Fus and
overall dynamic homeostasis [2]. Think of these points as
relays or switches in an electrical grid. There are 365 main
acupuncture points in the body, just as there are 365 days
in a calendar year.
In the language of Traditional Chinese Medicine (TCM),
pain in any part of the body is due to insufficiency or blockage
of Qi along the meridian, which, in either situation, leads to
stagnation of Xue. This can be a result of overall deficiency of
Yang (as in old age and chronic illnesses) or any form of
trauma or injury that damages themeridian(s). Acupuncture
treatment will be administered with the major aim of recti-
fying the imbalances of the Yin/Yang and Zhong/Fus, and
whatever pain that presents will be relieved accordingly. In
other words, acupuncture always intends to treat the cause
of pain in terms of disturbances in homeostasis, rather than
to relieve the pain in that particular area. This philosophy
differs fundamentally from the approach of Western Medi-
cine, which relies onmedications that block the reception or
transmission of pain at all levels.
3. Manual acupuncture versus
electroacupuncture
Manual acupuncture (MA) is the original form of acupunc-
ture practiced by TCM practitioners and is carried out by
manual twisting of the acupuncture needles at various
speeds and in various directions, each signifying a different
therapeutic aim. Electroacupuncture (EA) refers to themeridians on the abdomen and lower chest.
Figure 3 Snap of the distribution of the various meridians of the ankles and feet.
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needles via a special machine (the same as that used in
transcutaneous electrical nerve stimulation) instead of
using manual stimulation. According to some studies, EA is
more effective than MA [3]. In EA, only electrical current is
applied at the points and the needles are not manipulated.
So far, animal studies have shown that, in EA, primarily the
large-diameter myelinated Ab-afferents are stimulated
with low intensities just sufficient to induce analgesia [4,5].
When currents increase sufficiently to excite the smaller
diameter myelinated Ad- and unmyelinated C-fibers, more
potent analgesia results [6,7].
The role of C-fibers in EA analgesia has been contro-
versial. When C-fibers were destroyed in rats by neonatal
capsaicin treatment, EA analgesia was shown to be signifi-
cantly reduced compared with wide-type rats [8]. Clini-
cally, patients with syringomyelia suffer damage to the
anterior commissure of the spinal cord and by definition
have reduced C-fiber-mediated nociception. It was found
that these patients responded poorly to EA, lending support
to the hypothesis that C-fiber are essential for EA analgesia
[9]. However, other experimental studies have found that
C-fiber depletion in rats, either using neonatal depletion
with capsaicin [10] or topical application of capsaicin [11],
did not significantly reduce the effect of EA analgesia. The
most likely explanation is the non-standardized duration oftreatment, and the intensities and waveforms of the elec-
tric currents.
In MA, the main stimulation comes from a combination of
mechanical pressure (as the needle is moved up and down)
and rotation. Langevin et al [12] hypothesized that such
motion leads to tissue tugging, distorts the connective tissues
[13], and stimulates the mechanoreceptors, sending off the
first neural signals [12] as De-Qi. To verify their theory of
mechanotransduction in MA, the group demonstrated that
the pull-out force of an needle inserted into human volun-
teers was higher if the acupuncture needle had been rotated
bidirectionally and unidirectionally, compared with no
rotation [14].4. What are acupuncture points?
Liu et al [15] and Li et al [16] stimulated the C-fibers in the
deep tibial nerve of rats and evoked an extravasation of
Evan’s blue dye from the plasma into the interstitial fluid,
thereby mapping out the receptive fields of these C-fibers
via this antidromic stimulation. They found that the
receptive fields of these C-fiber rich afferents coincided
with the acupoints along a meridian, suggesting that there
is a denser distribution of nerve fibers/reflex complex at
these acupuncture points.
264 L. LeungLangevin et al [14] measured the average pull-out force
for acupuncture needles inserted through the skin at
acupuncture points and nonacupuncture points. They
demonstrated that 18% more force was required to remove
a needle from an acupoint point than from a control point,
suggesting that the connective tissues are more tightly
arranged at acupuncture points than at nonacupuncture
points. Using fluorescence immunostaining techniques,
Abraham et al [17] examined the relative distribution of
transient receptor potential vallinoid type 1 (TRPV1)
receptors and neural nitric oxide synthase (nNOS) receptors
in the skin and dermal connective tissues of rats, and
discovered that the acupoints contained a significantly
higher number of TRPV1-positive nerve fibers (which are
Ad- and C-fibers) and nNOS receptors compared with
nonacupoints.5. What are meridians?
According to the theories of TCM, there are 12 main
meridians with 15 collaterals that ramify through the
human body carrying the 365 acupoints. For many years,
Western science tried to decipher the anatomical corre-
lates of these meridians, without any real success. Various
theories have been proposed but none of them has been
accepted as the definitive explanation.
In the 1960s, Korean physician Bong-Han Kim [18] re-
ported findings of primo-nodes (Bonghan corpuscles), which
circulated in the proposed system of primo-vessels (Bong-
han ducts), an analogy to the meridian system. This theory
was not given any attention until it was recently “redis-
covered” using different staining methods and microscopy
techniques [19e23]. These Bonghan ducts are described as
unique thread-like structures inside the main blood vessels
[21,22], the lymphatic ducts [19], the sciatic nerve [24],
and the cerebrospinal fluid free space of the brain and
spinal cord [20]. Part of the novelty of these proposed
primo-vessels lies in their intravascular positions with
subdivisions, an idea that has not been endorsed by
Western histology or anatomy [21,22]. In fact, using
a special Feulgen reaction that stains DNA, Shin et al
demonstrated a system of subducts inside a main Bonghan
duct, these subducts seeming to pass through corpuscles
(primo-nodes) with positive staining for DNA [25]. This
theory of Bonghan ducts has dominated Korean research in
acupuncture meridians for the last decade.
Somewhat similar to the idea of Bonghan ducts is the
theory of the perivascular space proposed by Ma et al [26],
who demonstrated the existence of a perivascular space
along the traditional roadmap of acupuncture meridians
using methylene blue dye and frozen sections. They also
discovered a higher electrical conductance and pO2 (partial
pressure of oxygen) in the perivascular space compared
with the surrounding tissue, suggesting a role as a separate
channel for the passage of acupuncture-induced mediators
to transmit the acupuncture signal. Using a combination of
ultrasound and electrical impedance measurement, Ahn
et al [27] found echogenic collagenous bands in the
subcutaneous tissue along a chosen meridian with signifi-
cantly lower electrical impedance than neighboring tissue,
supporting the idea of meridians as a functional anatomicaltrack. Other theories have been proposed, which can be
found in a recent review by Longhurst [28].6. Importance of De-Qi?
The therapeutic efficacy of acupuncture depends on the
state of De-Qi. This refers to the special needling sensation
occurring in patients that is brought on by effective
acupuncture treatment. It has been described with various
terms such as “pressure,” “pushing feeling,” and “dull
ache”. De-qi happens at variable lengths of time after the
needle has been inserted, and is often hastened by twisting
and manipulation of the needle. It may be localized, or it
may travel along the meridian. When De-Qi sets in, the
acupuncturist often feels extra resistance to manipulation,
like “a fish taking a bait,” as it has been described in the
oldest archives of TCM.
The fact that the De-Qi sensation is mandatory for
effective analgesia was demonstrated in 1973 by Chiang
et al [29], who found that procaine blockade of the deep
branches of the median and radial nerves (which removes
the De-Qi sensation) abolished acupuncture analgesia from
acupuncture of LIeL4, while blockade of the superficial
nerve branches preserved the acupuncture-induced anal-
gesia. Recent functional magnetic resonance imaging (fMRI)
studies from Hui et al at Harvard University [30,31] have
shown various patterns of activations of the brain that are
specific to the De-Qi sensation, refuting criticisms that de-
qi is nothing more than a figment of the imagination.
Further studies have popularized the concept of a func-
tional brain network, which refers to a spatially distributed
but functionally connected hub of brain areas that are
either activated or deactivated during a particular mental
task [32]. A task-negative network refers to one showing
activation during a task relative to rest, whereas a task-
negative network shows deactivation during a task-related
work. In the last decade, the theory of the default mode
network (DMN) as a task-negative network has been elab-
orated in detail to account for the default resting state of
the brain. The DMN consists of clusters of regions in the
medial prefrontal cortex, posterior medial parietal cortex,
and medial temporal lobe that are highly active in the
awake and conscious resting state (default mode) but
become deactivated when the brain responds to the
demands of mentation and cognitive tasks [33].
Hui et al from Harvard demonstrated that the De-Qi
sensation associated with acupuncture mobilized anti-
correlated functional networks that consisted of deactiva-
tion of the DMN [34] and limbic-paralimbic-neocortical
network [31,35], and activation of the somatosensory
regions. Based on the knowledge that the insular region is
involved in pain processing, Bai et al [36] analysed the
spontaneous fMRI activity of the anterior insula (AI) in
relation to anticorrelations between the DMN, the central
executive network, and the salience network regarding the
analgesic basis of acupuncture. They found that there was
usually anticorrelation between spontaneous fMRI deacti-
vation of the DMN and spontaneous activation of the central
executive network/salience network that was associated
with AI activity. They also demonstrated that verum (true)
acupuncture (with a De-Qi sensation), but not sham
Neurophysiological basis of acupuncture analgesia 265acupuncture (without a De-Qi sensation), significantly
enhanced this AI-mediated dichotomy of activities among
these anticorrelated brain networks as a possible mecha-
nism of acupuncture-induced analgesia.
7. Physiological basis of the analgesic action of
acupuncture
7.1. Release of endogenous opioid
It has been postulated that needling of acupuncture points
activates the mechanoreceptors and sends afferent signals
along the ventrolateral tracts, which activates the relevant
brain nuclei that modulate pain sensation via the
descending inhibitory pathways [9]. Both clinical and
laboratory results indicate that endogenous opiate peptides
participate in acupuncture-induced analgesia. Based on
animal experiments, it was suggested that different
frequencies of EA lead to the endogenous release of
different kinds of analgesic neuropeptides; namely, EA at
2 Hz accelerates the release of enkephalin, beta-
endorphin, and endomorphin, while EA at 100 Hz selec-
tively increases the release of dynorphin [3,37].
Hans et al provided support for this theory by performing
an antibody blockage study in which an intrathecal injec-
tion of antibody to enkephalin significantly diminished 2 Hz
EA-induced analgesia but not 100 Hz EA-induced analgesia
in rats, whereas antibody to dynorphin resulted in the
opposite effect [38]. This provides an explanation for the
clinical observation that synergistic analgesia can often be
obtained if EA is performed using an alternating low (2 Hz)
and high (100 Hz) frequency.
Zhang et al administered both 2 Hz and 100 Hz EA to rats
with complete Freund’s adjuvant (CFA)-induced inflamma-
tory pain and found a significant alleviation of hyperalgesia
that was blocked by spinal administration of m-, d-, but not
k-opioid receptor antagonists [39]. They also found that co-
administration of low-dose morphine synergistically
enhanced such m- and d-receptor dependent EA analgesia,
suggesting a role for opioid release during EA. In a subse-
quent experiment, the same group demonstrated similar
results with blockade of EA analgesia by peripheral intra-
plantar administration of opioid antagonist, suggesting that
EA releases both central and peripheral opioids to achieve
analgesia [40].
Orphanin FQ (N/OFQ) is an endogenous agonist of the N/
OFQ peptide receptor (NOP receptor), the recently identi-
fied fourth opioid receptor after m, d, and k. NOP receptors
are found in the nucleus raphe magnus, dorsal raphe
nucleus, and ventrolateral periaqueductal gray. Several
studies have shown that EA increases levels of N/OPQ
immunoreactivity in these brain areas in rats with chronic
constricting injury (CCI) [41,42] and CFA-induced inflam-
matory pain [43,44], suggesting a causative role for N/OPQ
in EA-induced analgesia. However, one recent study by Wan
et al [45] showed enhanced EA analgesia in N/OPQ
knockout mice compared with wildtype mice, questioning
the previously presumed antinociceptive role of N/OPQ in
EA analgesia.
Using human volunteers, Dougherty et al [46] adminis-
tered noxious thermal stimuli before and after acupuncturetreatment and performed positron emission tomography
scanning to analyze the 11C-diprenorphine binding poten-
tial, the level of which is an inverse measure of endogenous
opioids. The group found a decrease in 11C-diprenorphine
binding potential in the right orbitofrontal cortex, left
medial prefrontal cortex (PFC), right thalamus, and right
insula after acupuncture treatment.
Following the same logic but using differentmethodswith
a tracer specific for m-opioid receptor binding potential (11C-
carfentanil), Harris et al [47] administered verum and sham
acupuncture to patients with fibromyalgia and found that m-
opioid receptor binding potential was significantly increased
by verum acupuncture in the cingulate cortex, caudate
nucleus, and amygdala in both the short and the long term.
Based on their previous findings that patients with fibro-
myalgia, in contrast to healthy individuals, exhibited greater
pain levels with decreased central m-opioid receptor binding
potential [48], the group concluded that verum acupuncture
produced analgesia in fibromyalgia by increasing the
m-opioid receptor binding potential.
In clinical terms, the opioid-releasing mechanism for EA
analgesia has been supported. Zheng et al reported
a reduced demand for opioid-like-medications in patients
with chronic pain within 8 weeks after a course of EA [49].
This complemented existing clinical findings that EA could
reduce postoperative pain and analgesic requirements in
dental [50], ENT [51], abdominal [52,53], and even
cardiothoracic surgery [54,55].
7.2. Modulation of the adrenergic system
Noradrenaline (norepinephrine)-containing neurons origi-
nate from various brain areas including the raphe nuclei,
locus coeruleus, periaqueductal gray, and A1, A2, and A4e7
nuclei of the brainstem, which project to the forebrain and
descend along the dorsolateral tracts of the spinal cord,
playing a role in pain modulation [56]. Most experimental
studies with rats have shown that EA-induced analgesia is
associated with a decreased level of noradrenaline in the
brain [57e59]. However, noradrenaline seems to act
differently in the spinal cord depending on the receptor
subtypes, as Kim et al [60] found that a2-, but not a1-,
adrenergic receptor blockers abolished EA-induced anal-
gesia on cold allodynia of rats with neuropathic pain. This
finding is in line with our knowledge that, in the spinal
dorsal horn, a2-adrenergic receptors suppress nociceptive
signaling whereas a1-adrenergic receptors facilitate it [56].
At time of writing, there are no known clinical studies
supporting these proposed adrenergic mechanisms of EA-
induced analgesia, except for a report that preoperative EA
increased plasma levels of adrenaline (epinephrine) in
patients receiving sevoflurane anesthesia [61].
7.3. Modulation of the 5-hydroxytryptamine
signalling system
Using a model of inflammatory pain in rats, Chang et al [62]
found that EA-induced analgesia involved the 5-
hydroxytryptamine (5-HT) neurotransmitter, the analgesic
effects being abolished by intraventricular administration
of antagonists to the 5-HT1A and 5-HT3 receptors but
266 L. Leungpotentiated by 5-HT2 receptor antagonists. Similar findings
were confirmed by Kim et al [60] for neuropathic pain in
a rat model with spinal nerve transection and intrathecal
injection of 5-HT receptor antagonists. Correlative clinical
data are lacking.
7.4. Modulation of N-methyl-D-aspartic acid/AMPA/
kainate signalling system
It is well documented that the signaling system of glutamate
and its receptors [N-methyl-D-aspartic acid (NMDA),a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and
kainite] is crucial in the processing of spinal nociception and
central sensitization [63]. In a ratmodel of neuropathic pain,
blockade of NMDA receptors enhanced the analgesic effects
of EA [64], and Zhang et al [65] reported the same phenom-
enon in rats with hyperalgesia caused by CFA-induced
inflammatory pain. Employing immunochemical tech-
niques, Sun et al [66] found that EA at 2 Hz reduced both the
pain behaviour and the expression of NMDA receptor subtype
NR1 in the dorsal spinal horn of rats with neuropathic pain.
Using a similar protocol except for using rats with CFA-
induced inflammatory pain, Choi et al [67] reported
adecreasedexpressionof bothNR1andNR2ANMDAreceptors
in the dorsal horn after EA analgesia. Translation to human
studies is pending.
7.5. Modulation of other neurotransmitter systems
Several other nociceptive mediators have been found to be
modulated by EA, including somatostatin, glial-derived
neurotrophic factor, and cannabinoids. Dong et al found
that EA in rats with CCI induced the expression of
somatostatin mRNA [68] and glial-derived neurotrophic
factor mRNA [69] in the dorsal root ganglion and spinal
dorsal horn. Chen et al [70] used both 2 Hz and 100 Hz EA on
rats with inflammatory pain caused by CFA and found that
the pain was significantly reduced, this being blocked by
selective CB2, but not CB1, receptor antagonists, suggest-
ing that EA induces analgesia via an increase in endogenous
anandamide and an activation of CB2 receptors.
Using a similar line of thought, Zhang et al [71]
demonstrated that 100 Hz EA induced analgesia and an
increase of CB2 expression via immunoassay and fluores-
cence staining in keratinocytes and infiltrating inflamma-
tory cells (e.g., macrophages and T-cells) in rat models with
CFA-induced pain. No clinical studies have been identified
so far to support these theories.
7.6. Anti-inflammatory theory
Langevin et al found that rotational manipulation of the
needle in rats with manual acupuncture (MA) led to a dose-
dependent cytoskeletal remodeling with spreading of
fibroblasts [72]. At the same time, such mechanical move-
ments resulted in the microtrauma around the needle,
leading to mast cell degranulation [73] and the release of
various proinflammatory mediators [tumor necrosis factor
alpha (TNF-a), interleukins, chemokines, and ATP) as
macrophages were recruited. These mediators are known
to initiate nociception per se by acting on the C-fibers [74],and as the inflammation process continues, they produce
neuronal hyperexcitability and amplify the nociception,
resulting in chronic and neuropathic pain [75e78].
The modulatory effects of EA on interleukins and
TNF-a have been documented using various experimental
models of osteoarthritic pain [79], inflammatory pain
[80,81], and neuropathic pain [82]. Xu et al [83] demon-
strated a reduction in serum interleukin-1b and TNF-a in 43
patients as their osteoarthritic pain improved with EA.
Similarly, Yuan et al [84] studied the effects of EA on 47
patients with chronic pelvic pain syndrome and found that
their clinical improvement correlated with a decrease in
prostatic fluid levels of TNF-a, interleukin-8, and inter-
leukin-10.
7.7. Modulation of long-term depression and long-
term potentiation neural plasticity
Discovered in 1970s [85,86], the phenomena of long-term
potentiation (LTP) and long-term depression (LTD) were
originally described in the CA1 area of the hippocampus as
the basis of neural plasticity for learning and memory
[87,88]. However, recent research has added the role of
LTP/LTD neural plasticity to the possible mechanisms
underlying EA analgesia. Using extracellular recordings,
Xing et al [89] found that 2 Hz EA induced the LTD of C-
fiber-evoked field potentials in the spinal dorsal horn of rats
with neuropathic pain, and such LTD was abolished by the
NMDA receptor antagonist MK-801 or the opioid antagonist
naloxone. Interesting, when EA was given at 100 Hz instead
of 2 Hz, it induced LTP in same rats with neuropathic pain
but LTD in control rats, these effects being mitigated by
g-aminobutyric acid and 5-HT receptor antagonists [90].
Similarly, Ma et al [91] applied 2 Hz EA to rats with
neuropathic pain caused by CCI and found that EA signifi-
cantly inhibited the LTP of C-fiber-evoked potentials with
an overall alleviation of neuropathic pain. Such ideas of
LTP/LTD neural plasticity may well explain the long-term
analgesic effects of acupuncture that are seen in clinical
practice.
7.8. Activation of the diffuse noxious inhibitory
control system
Nociceptive inputs from sensory afferents are known to be
modulated by descending inhibition from supraspinal and
higher centers, a phenomenon called diffuse noxious inhib-
itory control (DNIC). Anatomically, DNIC consists of pathways
ascending from the ventrolateral quadrant of the spinal cord
to the supraspinal centres, and descending projections from
the supraspinal centres along the dorsolateral funiculi to the
spinal dorsal horn [92]. DNIC is brought into action when two
noxious stimuli are applied heterotopically (i.e., a second
stimulus outside the receptive field of the first inhibited
neuron), the process involving polymodal receptors with
signals mediated by Ad- and C-fibers [93]. Depressed DNIC
will lead to a reduction of endogenous pain inhibition and
hence contribute to a chronic pain state. Experiments in
animals have shown that EA triggers DNIC and mitigates
nociception from other somatic [11] or visceral [94] areas,
such effects being abolished by capsaicin treatment, which
Figure 4 Schematic diagram of the best explanation of the physiologic basis of acupuncture-induced analgesia. Blue
arrowsZ activation; red arrowsZ inhibition. 5-HTZ 5-hydroxytryptamine; DNICZ diffuse noxious inhibitory control; LTDZ long-
term depression; LTP Z long-term potentiation.
Neurophysiological basis of acupuncture analgesia 267destroys C-fibers [11]. Clinical studies have suggested that EA
given at local (homotopic) points mediated analgesia by
stimulating the larger diameter Ab fibers, whereas EA anal-
gesia at distal (heterotopic) points is mediated via the
smaller diameter Ad- and C-fibers by recruiting the DNIC
system [7,94]. Again, correlative clinical studies regarding
this theory are lacking.
7.9. Acupuncture nonresponder or treatment
failure
It was written in the oldest Chinese archives of acupuncture
textbooks that one in seven subjects will respond poorly, if
at all, to acupuncture treatment, and the practitioner is
advised not to pursue further treatment in order to avoid
causing harm. Recent data from animal experiments have
offered a biochemical basis for these poor nonresponders to
acupuncture.
Cholecystokinin octapeptide (CCK-8) is a potent endog-
enous neuropeptide acting on the CCKA/CCKB receptors
with antiopioid activity [95,96]. CCK-8 is ubiquitously
distributed in the brain and spinal cord and has been shownto have an antagonistic effect on EA analgesia [96,97] that
is reversed by CCKB receptor antagonist [95,98]. Huang et al
[97] demonstrated that an intrathecal injection of CCK-8
reduced the effects of EA analgesia, whereas CCKB
receptor antagonist potentiated the analgesia. Based on
such antagonism, production of CCK-8 has been implicated
as a determinant of the trait of weak or nonresponse to
acupuncture.
Lee et al [99] studied the effect of 2 Hz EA analgesia on
rats subjected to the tail flick latency and found that some
rats did not respond to EA analgesia; these nonresponders
showed a higher expression of mRNA for CCKA, but not CCKB
receptors in the hypothalamus. Using a similar protocol but
100 Hz EA, Ko et al [100] found a higher expression of both
CCKA and CCKB in nonresponder rats. Interestingly, such
nonresponse to EA analgesia was reversed when an anti-
sense CCK expression vector was injected into the cerebral
ventricle of these nonresponder rats, subsequently con-
verting them to a high responder state [101]. To date there
has been no clinical study of endogenous CCK levels or CCK
receptor phenotyping among poor or nonresponders to
acupuncture compared with responders.
268 L. Leung8. Conclusions
Acupuncture is an ancient medical treatment whose origins
in China date back as far as 10,000 BC. It defines a set of
therapeutic principles in which needles are inserted at
specified points on the body along designated meridians,
with the aim of re-establishing the homeostatic balance of
the internal milieu (involving Ying/Yang, the Five Elements,
and the Zhong-Fus) and thereby relieving most illnesses
including pain. Despite intensive research over the last
half-century, Western science has yet to completely deci-
pher the anatomical, biochemical, and physiological
mechanisms underlying acupuncture. A summary of the
best explanation will be given here, with the aid of
a schematic flow diagram (Fig. 4).
The insertion of needles into acupuncture points (special
sites with denser innervation, more tightly packed
connective tissue, and a richer content of TRPV1 receptors)
triggers mechanical stimuli that are transduced as neural
signals along the large myelinated Ab- and Ad-fibers. These
signals ascend the dorsolateral tracts of the spinal cord and
activate the supraspinal and higher centres involved in pain
processing (e.g., the raphe nucleus, locus coeruleus, peri-
aqueductal gray matter, prefrontal cortex, insula, cingu-
late cortex, caudate nucleus, and amygdala). From here,
a few things happen, either in isolation or concurrently:
modulation of the noradrenaline and 5-HT signaling system,
the production of endogenous neuropeptides acting upon
the m-opioid and N/OPQ receptors, and the production of
somatostatin and other related neurotrophins that together
enhance the descending inhibition of nociception on the
spinal afferents.
At the same time, inflammatory mediators produced by
local microtrauma at the site of needle insertion will
stimulate the unmyelinated C-fibers, which ascend the
anterolateral columns of the spinal cord and activate the
DNIC, which both augments the general descending inhibi-
tory control of nociception, and also perturbs the anti-
correlated networks in the brain anchored on the insula to
modulate the higher processing of pain.
Last but not least, with repeated acupuncture treat-
ments, neural plasticity develops in the spinal dorsal horn
via the interplay of the LTP/LTD of C-fiber potentials,
alleviating nociceptive signals from the target site of
treatment on a long-term basis.
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